Abstract. Masses of heavy baryons are calculated in the relativistic quarkdiquark picture. Obtained results are in good agreement with available experimental data including recent measurements by the LHCb Collaboration. Possible quantum numbers of excited heavy baryon states are discussed.
Introduction
Recently significant experimental progress has been achieved in studying heavy baryon spectroscopy. Many new heavy baryon states have been observed. The main contribution was made by the LHCb Collaboration. Thus last year the amplitude analysis of the decay Λ 0 b → D 0 pπ − was performed in the region of the phase space containing D 0 p resonant contributions which revealed three Λ c excited states and allowed to measure precisely their masses and decay widths [1] : the Λ c (2880) + with the preferred spin J = 5/2; the new state Λ c (2860) + with quantum numbers J P = 3/2 + , its parity was measured relative to that of the Λ c (2880) + ; the Λ c (2940) + with the most likely spin-parity assignment J P = 3/2 − but other solutions with spins from 1/2 to 7/2 were not excluded. Then five new, narrow excited Ω c states decaying to Ξ + c K − were observed [2] : the Ω c (3000) 0 , Ω c (3050) 0 , Ω c (3066) 0 , Ω c (3090) 0 , and Ω c (3119) 0 . These states were later confirmed by Belle [3] . Soon the discovery of the long-awaited doubly charmed baryon Ξ ++ cc was reported [4] . This year the new Ξ b (6227) − resonance was observed as a peak in both the Λ 0 b K − and Ξ 0 b π − invariant mass spectra [5] . Finally, the first observation of two structures Σ(6097)
± consistent with resonances in the final states Λ 0 b π − and Λ 0 b π + was reported by the LHCb [6] .
In this talk we compare these new data with the predictions of the relativistic quarkdiquark model of heavy baryons [7] [8] [9] .
Relativistic quark-diquark model of heavy baryons
Our approach is based on the relativistic quark-diquark picture and the quasipotential equation. The interaction of two quarks in a diquark and the quark-diquark interaction in a baryon are described by the diquark wave function Ψ d of the bound quark-quark state and by the baryon wave function Ψ B of the bound quark-diquark state respectively. These wave functions satisfy the relativistic quasipotential equation of the Schrödinger type [7] 
where µ R is the relativistic reduced mass, b 2 (M) is the center-of-mass relative momentum squared on the mass shell, p, q are the off-mass-shell relative momenta, and M is the bound state mass (diquark or baryon).
The kernel V(p, q; M) in Eq. (1) is the quasipotential operator of the quark-quark or quarkdiquark interaction which is constructed with the help of the off-mass-shell scattering amplitude, projected onto the positive energy states. We assume that the effective interaction is the sum of the usual one-gluon exchange term and the mixture of long-range vector and scalar linear confining potentials, where the vector confining potential contains the Pauli term. The vertex of the diquark-gluon interaction takes into account the diquark internal structure and effectively smears the Coulomb-like interaction. The corresponding form factor is expressed as an overlap integral of the diquark wave functions. Explicit expressions for the quasipotentials of the quark-quark interaction in a diquark and quark-diquark interaction in a baryon can be found in Ref. [8] . All parameters of the model were fixed previously from considerations of meson properties and are kept fixed in the baryon spectrum calculations.
The quark-diquark picture of heavy baryons reduces a very complicated relativistic threebody problem to a significantly more simpler two step two-body calculation. First we determine the properties of diquarks. We consider a diquark to be a composite (qq ′ ) system. Thus diquark in our approach is not a point-like object. Its interaction with gluons is smeared by the form factor expressed through the overlap integral of diquark wave functions. These form factors enter the diquark-gluon interaction and effectively take diquark structure into account [8, 9] . Note that the ground state diquark composed from quarks with different flavours can be both in scalar and axial vector state, while the ground state diquarks composed from quarks of the same flavour can be only in the axial vector state due to the Pauli principle. Solving the quasipotential equation numerically we calculate the masses, determine the diquark wave functions and use them for evaluation of the diquark form factors. Only ground-state scalar and axial vector diquarks are considered for heavy baryons. While both qround-state as well as orbital and radial excitations of heavy diquarks are necessary for doubly heavy baryons, since the lowest excitations of such baryons originate from the excitations of the doubly heavy diquark.
Next we calculate the masses of heavy baryons in the quark-diquark picture [8, 9] . The heavy baryon is considered as a bound state of a heavy-quark and light-diquark. All excitations are assumed to occur between heavy quark and light diquark. On the other hand, the doubly heavy baryon is considered as a bound state of a light-quark and heavy-diquark. Both excitations in the quark-diquark system and excitations of the heavy diquark are taken into account. It is important to note that such approach predicts significantly less excited states of baryons compared to a genuine three-quark picture. We do not expand the potential of the quark-diquark interaction either in p/m q,Q or in p/m d and treat both diquark and quark fully relativistically.
Heavy baryons
The calculated masses of heavy baryons are given in Tables 1-5 . In the first column we show the baryon total isospin I, spin J and parity P. The second column lists the quarkdiquark state. The next three columns refer to the charm and the last there columns to the bottom baryons. There we first give our prediction for the mass, then available experimental data [10] : baryon status and measured mass. The charm and bottom baryon states recently discovered by the LHCb Collaboration [1, 2, [4] [5] [6] are marked as new.
From Tables 1, 2 we see that the Λ c (2765) (or Σ c (2765)), if it is indeed the Λ c state, can be interpreted in our model as the first radial (2S ) excitation of the Λ c . If instead it is the Σ c state, then it can be identified as its first orbital excitation (1P) with J = The Λ c (2880) baryon corresponds to the second orbital excitation (2D) with J = 5 2
with the LHCb analysis [1] . The other charmed baryon, denoted as Λ c (2940), probably has I = 0, since it was discovered in the pD 0 mass spectrum and not observed in pD + channel, but I = 1 is not ruled out [10] . If it is really the Λ c state, then it could be both an orbitally and radially excited (2P) state with J = Table 2 ). The new state Λ c (2860) with quantum numbers Masses of the Ω c and Ω b baryons are given in Table 5 . The ground state (1S ) masses were predicted [7] before experimental discovery and agree well with measured values. Recently observed [2] five new, narrow excited Ω c are also in accord with our predictions. Three lighter states Ω c (3000) 0 , Ω c (3050) 0 and Ω c (3066) 0 are well described as first orbital (1P) excitations with J = − are expected to be broad and thus can escape detection. The small peak − state with the predicted mass 2966 MeV (see Table 5 ). The remaining two heavier states Ω c (3090) 0 and Ω c (3119) 0 are naturally described as first radial (2S ) excitations with quantum numbers MeV. The proposed assignment of spins and parities of excited Ω c states observed by LHCb Collaboration is given in Fig. 1 . In Table 6 we compare different quark model (QM), QCD sum rules (QCD SR), lattice QCD predictions and available experimental data for the masses of the Ω c states. 
Doubly heavy baryons
Mass spectra of doubly heavy baryons was calculated in the light-quark-heavy-diquark picture in Ref. [9] . The light quark was treated completely relativistically, while the expansion in the inverse heavy quark mass was used. Table 7 shows the Ξ cc mass spectrum. Excitaions inside doubly heavy diquark and light-quark-heavy-diquark bound systems are taken into account. We use the notations (n d Ln q l)J P , where we first show the radial quantum number of the diquark (n d = 1, 2, 3 . . . ) and its orbital momentum by a capital letter (L = S , P, D . . . ) , then the radial quantum number of the light quark (n q = 1, 2, 3 . . . ) and its orbital momentum 
